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ABSTRACT 

This  report  presents  results  of  tests  conducted  with  the  Mark  7 
Mod  3  arresting  gear  to  determine  aircraft  compatibility  and  evalu¬ 
ate  arresting-gear  performance.  Instrumented  A-3A,  A-4B,  F-4A,  and 
F-8D  aircraft  were  utilized  in  the  test  program.  Test  data  was  ob¬ 
tained  for  use  in  the  preparation  of  aircraft  recovery  bulletins  for 
the  USS  JOHN  F.  KENNEDY  (CVA67)  and  to  Insure  compatibility  of  current 
fleet  aircraft  with  the  Mark  7  Mod  3  arresting  gear. 

Testing  was  conducted  with  three  basic  arrest ing~gear  configure* 
at ions /operating  modes:  (1)  arresting  gear  with  sheave  dampers,  using 
actual  weight  settings;  (2)  arresting  gear  without  sheave  dampers, 
using  actual  weight  settings;  and  (3)  arresting  gear  with  sheave 
dampers,  using  single  weight  settings. 

Compatibility  with  A*3A  and  A-4B  aircraft  and  qualified  compati¬ 
bility  with  F-4A  and  F-8D  aircraft  has  been  established. 
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I  INTRODUCTION 

A.  The  Naval  Air  Test  Facility  (Ship  Installations)  (NATF(SI)) 
was  authorized  by  references  (a)  and  (b)  to  conduct  tests  with  the 
Mark  7  Mod  3  arresting  gear  to  determine  aircraft  compatibility  and 
evaluate  arresting-gear  performance.  Aircraft  testing  commenced  on 

7  June  1967,  and  concluded  on  24  June  1968.  Instrumented  A-3A,  A-4B, 
F-4A,  and  F-8D  aircraft  were  used  for  a  total  of  244  arrestments. 

B.  The  purpose  of  the  test  program  was  to  obtain  arresting-gear 
performance  data  required  to  prepare  Aircraft  Recovery  bulletins,  and 
to  insure  compatibility  of  current  fleet  aircraft  with 'the  Mark  7  Mod  3 
arresting  gear. 
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II  TEST  EQUIPMENT  AND  PROCEDURES 

A,  Arresting-Gear  Configurations:  The  Mark  7  Mod  3  arresting 
gear  at  NATF(SI)  was  utilized  for  all  test  events,  and  was  configured 
as  follows: 

1.  Reeving:  1-3/8-lnch-dianieter  regular  Lang-lay  purchase 
cable,  NAEC  PN  A-92791-27,  with  an  18:1  reeve  ratio 

2.  Deck  span:  120  feet  with  crossdeck  pendant,  PN  507306-110-0 

3.  Cam:  K-31 

4.  Weight -selector  dial:  NAEC  PN  316152-1 

5.  28-inch-diameter  fair  lead  sheave 

6.  Cam-chain  initial  tension;  400  pounds 

7.  Accumulator  initial  pressure:  400  psl 

8.  Cam  torque:  90  *  20  foot-pounds 

9.  Port  and  starboard  sheave  dampers,  configured  as  follows: 

a.  Control-flow  orifice,  damper  end:  3  inches  in 

diameter 

b.  Return-flow  flapper  orifice,  damper  end:  3/8  inch  in 

diameter 

c.  Return-flow  flapper  orifice,  accelerator  end:  1/2 
inch  in  diameter 

d.  Damper  accumulator  initial  pressure:  750  psi 

e.  Accelerator  accumulator  initial  pressure:  20  psi 

f.  Fluid  levels  in  the  damper  and  the  accelerator 
accumulator:  2  Inches 

10.  Port  and  starboard  anchor  dampers  were  configured  as  follows: 

a.  Control-flow  orifice,  operating  end:  Inner  reeve,  2  inches 

in  diameter 
Outer  reeve,  7/8  inch 
in  diameter 
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b.  Return-flow  flapper  orifice,  operating  end:  1/2  Inch 

In  diameter 

c.  Buffer  control  flow  orifice:  5/8  Inch  In  diameter 

d.  Damper  piston  rod,  operating  end  (steel):  3-7/8  Inches 

In  diameter 

e.  Operating  piston,  PN  410295-1 

B.  Aircraft  Configurations:  Aircraft  external  stores  configura¬ 
tions  were  as  Indicated  on  the  tabulated  data  sheets,  Appendix  B,  and 
are  summarized  as  follows: 


Aircraft 

Configuration 

A-3A 

Clean 

A-4B 

300-gallon  centerline  and 
two  300 -gal Ion  wing  tanks 

F-4A 

(1)  clean 

(2)  two  370-gallon  wing  tanks 

(3)  600-gallon  centerline  and  two 
370-gallon  wing  tanks 

F-8D 

Clean 

C.  Test  Operating  Modes 

1.  Aircraft  tests  were  programmed  to  provide  aircraft  recovery- 
bulletin  data  for  three  basic  Mark  7  Mod  3  arresting-gear  configurations/ 
operating  modes: 


a.  Arresting  gear  with  sheave  dampers 

b.  Arresting  gear  without  sheave  dampers 

c.  Arresting  gear  with  sheave  dampers,  using  a  single 
weight  setting 

2.  The  following  arrest ing-go.ar  weight  settings  were  utilized 
during  the  single-weight-setting  tests: 


Wei  ght 


Setting 

Aircraft 

_  (Lb) 

A-3A 

50,000 

A-4B 

14,500 

F-4A 

38,000 

F-8D 

25,000 
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3.  Aircraft  tests  were  conducted  over  the  minimum  to 
maximum  shipboard  arrested-landing-welght  ranges  of  each  aircraft 
for  both  ON-CENTER  and  20-foot  OFF-CENTER  engaging  positions. 

D.  Power  Programming:  The  following  power  programming  was  used 
in  an  effort  to  insure  that  aircraft  power  was  at  military  rated  thrust 
(MRT)  at  wire  pickup.  By  simulating  the  most  stringent  aircraft  power 
conditions  normally  encountered  during  fleet  recovery  operations,  this 
test  procedure  produces  the  maximum  arresting -hook  axial  loads  which 
normally  occur. 

1.  Fly-in  arrestments:  Advance  power  to  MET  as  the  aircraft 
touches  down. 


2.  Roll-in  and  taxi-in  arrestments:  Advance  power  early 
enough  in  the  approach  to  ensure  that  the  engine  (s)  are  at  MRT  at  wire 
pickup. 


3.  Upon  completion  of  landing  roll  out,  reduce  power  to  ID1E. 
Allow  the  aircraft  to  roll  aft  until  the  arresting-hook  point  clears  the 
deck  pendant. 

E.  Frequency  Response;  Data  presented  in  this  report  is  displayed 
at  the  following  flat  frequency  responses : 


Parameter 


Flat 

Frequency 
Response  (Hz) 


Arresting -hook  axial  load  60 

Aircraft  longitudinal  deceleration  20 

Arresting-gear  cable  tensions 

A-3  (Tabulated  data  -  Appendix  B) 

A-3  (Performance  comparison  -  Figures 
21  through  23) 

A-4,  F-4,  and  F-8  (Tabulated  data  - 
Appendix  B) 

A-4,  F-4,  and  F-8  (Performance  comparison  - 
Figures  24  through  29) 

Arresting-gear  cylinder  pressure  600 


60 

60,  160  and  330 
330 

60  and  330 


Aircraft  engine  RPM 
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III  TEST  RESULTS  AND  DISCUSSION 

A.  Test  Data:  Values  of  aircraft  arresting-hook  axial  loads, 
aircraft  longitudinal  decelerations,  arresting-gear  cable  tensions, 
and  arresting-gear  engine -cylinder  pressures  were  obtained  by  reducing 
data  on  a  digital  computer. 

1.  Plots  of  the  peak  aircraft  and  arresting-gear  performance 
parameters  listed  above  versus  engaging  speed  are  presented  in  Figures  1 
through  16. 


2.  Performance  parameters  listed  above  have  been  plotted 
against  time  and  stroke  for  representative  events  and  are  presented  In 
Appendix  A. 


3.  Tabulated  data  for  each  test  event  is  presented  in  Appendix  B. 
B.  Test  Results 


1.  The  maximum  allowable  aircraft  engaging  Deed  for  each  air¬ 
craft  and  arresting-gear  parameter  for  both  ON-CENTER  and  20-foot  OFF- 
CENTER  arrestments  are  listed  In  Table  I.  These  limits  are  based  on 
the  speed  required  to  obtain  the  maximum  allowable  values  for  the  pa¬ 
rameters  listed  and  have  been  obtained  either  directly  or  extrapolated 
from  the  test  data  presented  in  Figures  1  through  16.  Mark  7  Mod  3 
arresting-gear  performance  is  satisfactory  within  these  limits. 
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TABLE  I 


Maximum  Engaging  Speed  (Knots) 
ON -CENTER/20 -Foot  OFF-CENTER 


Aircraft 
weight  Range 
Tvoe  (1.000  Lb} 

Arresting- 

Gear 

Config/Mode* 

Arresting- 
Hook  Axial 
Load 

Long. 

Decel 

Cable 

Tension 

Engine - 
Cylinder 
Pressure 

A-3A 

48.0  -  50.0 

WSD 

W/0  SD 

137/133 

137/133 

153/149 

153/149 

130/118 

130/118 

132/128 

132/128 

40.0  -  42.0 

WSD 

SWS-WSD 
W/0  SD 

156/146 

150/145 

151/143 

158/153 

151/146 

152/144 

145/130 

141/133 

142/130 

145/137 

141/138 

142/136 

A-4B 

13.5  -  14.5 

WSD 

W/0  SD 

138/133 

124/134 

145/140 

131/135 

160/157 

143/138 

170+/170+ 

170+/170+ 

11.5  -  12.5 

WSD 

SWS-WSD 

W/0  SD 

142/137 

140/135 

124/134 

142/135 

140/133 

123/134 

158/162 

169/165 

147/138 

170+/170+ 
170+/ 170+ 
170+/ 170+ 

F-4A 

31,0  -  33.0 

WSD 

SWS-WSD 

W/0  SD 

133/129 

131/126 

130/125 

145/140 

133/128 

130/125 

151/140 

155/147 

139/130 

152/149 

153/149 

149/146 

F-8D 

20.0  -  22.0 

WSD 

SWS-WSD 

W/0  SD 

156/159 

163/161 

150/148 

160/163 

167/165 

155/153 

163/168 

170/167 

140/134 

170+/170+ 

170+/170+ 

170+/170+ 

*  WSD 

*  with  sheave  dampers;  W/0  i 

SD  *  without 

sheave 

dampers;  SWS-WSD  ■ 

single  weight  setting,  with  sheave  dampers. 

2.  Table  I  shows  that  aircraft  maximum  allowable  engaging  speeds, 
based  on  any  one  of  the  four  parameters  evaluated,  are  usually  lower  for 
20-foot  OFF-CENTER  arrestments  than  those  for  ON-CENTER  arrestments.  For 
heavyweight  A-3A  (48,000  to  50,000  pounds)  aircraft  arrestments  20  feet 
OFF-CENTER,  arresting -gear  cable  tension  is  the  critical  parameter  (96,000- 
pound  tension  limit)  and  it  imposes  a  10-knot  reduction  in  engaging  speed 
as  determined  by  the  next  most  critical  parameter,  arresting-gear  engine- 
cylinder  pressure  (10,000-psi  limit).  Extrapolation  of  A-3A/Mark  7  Mod  3 
purchase -cable  tension  data  indicates  that  this  10-knot  loss  in  engaging 
speed  could  be  regained  if  the  cable-tension  limit  were  extended  to  110,000 
pounds  for  20-foot  OFF-CENTER  arrestments. 

a.  A  review  of  references  (c)»  (d)  ,  and  (e)  ,  Statistical 
Presentations  of  Landing  Parameters,  indicates  that  shipboard  landings  of 
various  type  aircraft  20  feet  OFF-CENTER  constitutes  a  rare  event.  Consid¬ 
eration  of  the  functional  relationships  among  engaging  speeds,  cable  tensions, 
and  OFF-CENTER  distances  along  with  the  probabilities  of  landing  at  various 
OFF-CENTER  distances,  the  cable-tension  safety  factor,  and  cable  fatigue  life 
could  provide  aircraft  recovery-bulletin  cable-tension  limits  close  to  the 
ON-CENTER  limits  of  Table  I. 
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3.  When  the  arresting  gear  was  configured  without  sheave 
dampers,  higher  aircraft  and  arresting-gear  loads  were  recorded  during 
arrestments  of  all  aircraft  tested  except  the  A-3.  Loads  recorded  dur¬ 
ing  arrestments  of  the  heavyweight  (48,000  to  50,000  pounds)  A-3  air¬ 
craft  were  identical  to  those  obtained  when  the  gear  was  configured 
with  sheave  dampers. 

4.  Review  of  single-weight-setting  and  actual  weight  setting 
test  data  indicates  that  the  present  Mark  7  Mod  3  arresting-gear  weight 
setting  dial  is  not  veil  matched  to  all  aircraft  types  tested.  It  is 
reasoned  that  an  optimum  arresting-gear  weight  setting  dial  should  con¬ 
sistently  provide  somewhat  lower  recovery  loads  (higher  allowable  en¬ 
gaging  speeds)  for  actual  weight  settings  than  for  single-weight  settings. 
For  the  F-8  aircraft  the  opposite  is  generally  true,  that  is,  for  ON- 
CENTER  tests  the  maximum  allowable  engaging  speed,  based  on  either  hook 
load  or  cable  tension  (Table  I) ,  is  seven  knots  lower  for  actual  than  for 
single-weight  settings.  A  further  indication  of  an  arresting-gear  weight 
dial  mismatch  to  individual  aircraft  types  is  evidenced  by  the  arresting- 
gear  pressure /stroke  histories  of  Appendix  A.  Comparison  of  single  and 
actual  weight  setting  pressure/stroke  histories  for  each  aircraft  type 
tested  shows  the  following: 

a.  F-8  Aircraft:  The  cylinder  pressure  peaks  toward  the 
end  of  the  stroke  (underset  condition)  when  using  actual  aircraft  weight 
setting,  but  is  approximately  constant  (on-setting  condition)  for  the 
single  weight  setting. 

b.  F-4  Aircraft:  The  cylinder  pressure  peaks  toward  the 
end  of  the  stroke  (underset  condition)  when  using  the  actual  weight 
setting,  and  shows  a  slight  peaking  in  the  beginning  of  the  stroke  (slight 
overset  condition)  for  the  single  weight  setting. 

c.  A-3  Aircraft;  For  lightweight  (41,000  pounds)  aircraft 
arrestments,  the  cylinder  pressure  peaks  toward  the  end  of  the  arrestment 
(slight  underset  condition)  when  using  the  actual  weight  setting,  and 
peaks  in  the  beginning  of  the  stroke  (overset  condition)  for  the  single 
weight  setting.  For  heavyweight  (50,000  pounds)  aircraft  arrestments 

the  cylinder  pressure  is  fairly  uniform  from  pressure  buildup  to  pressure 
drop-off  (on-setting  condition) . 

d.  A -4  Aircraft:  For  lightweight  (12,000  pounds)  aircraft 
arrestments  the  cylinder  pressure  tends  to  peak  Just  after  pressure  build¬ 
up  (very  slight  overset)  for  both  single  weight  setting  and  actual  weight 
setting,  and  for  heavyweight  (14,000  pounds)  aircraft  arrestments  cylinder 
pressure  is  uniform  (on-setting  condition)  from  pressure  buildup  to  drop¬ 
off. 


5.  The  demonstrated  arresting-gear  capacity  of  44.2  million  foot¬ 
pounds  based  on  a  10,000-psi  limiting  engine-cylinder  pressure,  or  43.0 
million  foot-pounds  based  on  a  96,000-pound  limiting  cable-tension  load. 
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is  less  than  the  design  goal  of  47. 5  million  foot-pounds.  Some 
improvement  in  performance  could  be  obtained  by  the  development  of 
a  new  cam  with  an  increased  pressure  rise  rate  to  allow  more  air¬ 
craft  energy  to  be  absorbed  earlier  in  the  stroke.  The  present 
K-31  cam  is  less  than  optimum;  however,  it  is  acceptable  for  initial 
use  with  the  Mark  7  Mod  3  in  the  fleet. 

C .  Aircraft  Performance 


1.  The  F-8  aircraft  arresting  hook  became  disengaged  from 
the  crossdeck  pendant  during  high-speed  (approximately  140  knots) 

OFF-CENTER  arrestments  into  the  Mark  7  Mod  3  arresting  gear  configured 
without  sheave  dampers  (events  23099,  23100,  23101,  23108,  and  23109). 
Review  of  high-speed  camera  coverage  for  each  event  revealed  that  the 
crossdeck  pendant  was  seated  in  the  hook-point  throat  just  prior  to 
pendant  shedding.  (See  Figure  17,  view  A.)  It  appears  that  the  trans¬ 
verse  wave  (kink  wave)  reflected  from  the  closest  deck  sheave  twisted 
the  hook  shank  30  to  40  degrees,  causing  the  crossdeck  pendant  to  shed 
from  the  hook  point  (see  Figure  17,  views  B  and  C) .  Figure  18  is  a 
sample  time  history  showing  the  oscillations  in  arresting -hook,  longi¬ 
tudinal-deceleration,  and  cable-tension  loads  that  occur  when  the  hook 
twists  and  sheds  the  pendant.  During  event  23109,  the  arresting-hook 
up-latch  mechanism  bumper  pad  and  overtravel  stop  were  damaged  when  the 
hook  lnq>acted  the  fuselage  while  twisted  approximately  40  degrees  (see 
Figure  17,  view  C) ;  view  D  of  Figure  17  shows  the  broken  bumper  pad  that 
damaged  the  tall  section  of  the  aircraft  during  the  following  event. 
Additional  arrestments  (events  23250  through  23265)  were  conducted  into 
the  arresting  gear  configured  with  sheave  dampers,  using  both  actual 
and  single  weight  settings,  to  determine  the  extent  of  this  problem. 

No  premature  pendant  shedding  occurred.  Only  two  lew-speed  arrestments 
(110  and  123  knots)  were  conducted  into  the  Mark  7  Mod  3  arresting  gear 
in  this  configuration.  These  arrestments  in  conjunction  with  Mark  7 
Mod  2  arresting-gear  experience  indicate  that  premature  pendant  shedding 
probably  will  not  occur  below  an  engaging  speed  of  about  120  knots. 

Through  film  analysis,  the  problem  is  considered  peculiar  to  high-Bpeed 
OFF-CENTER  arrestments  of  the  F*8  aircraft  into  the  Mark  7  Mod  3  arresting 
gear  configured  without  sheave  dampers. 

2.  The  F-8D  aircraft  arresting  hook  also  became  disengaged  from 
the  crossdeck  pendant  during  event  21778— the  arresting  gear  was  configured 
with  sheave  dampers.  Film  coverage  was  not  available  for  this  event;  how¬ 
ever,  analysis  of  the  data  trace  Indicates  that  pendant  shedding  probably 
occurred  as  a  result  of  the  aircraft  porpoising  at  wire  pickup,  causing 
the  pendant  to  be  picked  up  by  only  the  tip  of  the  arresting-hook  point. 

3.  The  F-8D  nose-gear  steering  stud,  PN  548527-1,  failed  during 
one  20-foot-to-port  arrestment  (event  22079).  This  failure  is  not  attri¬ 
buted  to  Mark  7  Mod  3  arresting-gear  performance. 

4.  An  excessive  number  of  A-3  aircraft  arresting-hook  bumpers, 

PN  4545527-501,  required  replacement  during  20-foot  OFF-CENTER  arrest¬ 
ments.  Investigation  of  this  problem  revealed  that  the  clearance  between 
the  arresting-hook-shank  metal  bumper,  PN  3545538,  and  arresting-hook- 
well  bumper  was  out  of  the  specified  tolerance. 
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5.  A  series  of  F-4A  aircraft  fly-in  arrestments,  Appendix  C, 
were  conducted  to  determine  the  incidence  of  aircraft  stabilator/cross- 
deck  pendant  contact.  Approaches  were  flown  in  accordance  with  NATOPS 
procedures  and  utilized  a  Fresnel  Lens  Optical  Landing  System  set  for  a 
three-degree  glide  slop<j.  Six  arrestments  were  programmed  with  the  ar¬ 
resting-nook  touchdown  point  60  feet  before  the  crossdeck  pendant  and 
five  arrestments  with  the  touchdown  point  ten  feet  before  the  cross¬ 
deck  pendant.  The  landing  procedure  consisted  of  the  power  programming 
listed  in  paragraph  II  D,  and  positioning  the  stick  full  aft  at  touch¬ 
down.  During  three  of  the  five  arrestments  programmed  for  a  ten-foot 
touchdown  point,  the  crossdeck  pendant  struck  the  stabilator  leading 
edge  and  inflicted  minor  damage.  Similar  contact  with  slotted  sta- 
bilators  of  later-model  F-4  aircraft  would  probably  hfcve  inflicted 
damage  requiring  replacement.  Analysis  of  motion-picture  coverage 
indicates  that  stabilator /pendant  contact  is  associated  with  high  air¬ 
craft  pitch  attitude  at  wire  pickup.  A  rapidly  moving  transverse  wave 
in  the  deck  pendant  induced  at  wire  pickup,  travels  along  the  pendant, 
rises  above  and  strikes  the  stabilator  leading  edge  which,  because  of 
aircraft  attitude,  is  still  in  close  proximity  to  the  deck.  Figures  19 
and  20  compare  an  arrestment  with  stabilator /pendant  contact  to  one 
without  stabilator /pendant  contact  and  illustrate  the  significance  of 
aircraft  attitude. 

6.  All  aircraft  tested  exhibited  acceptable  tracking  during  the 
runout  for  both  ON-CENTER  and  20-foot  OFF-CENTER  arrestments.  For  20-foot 
port  and  starboard  OFF-CENTER  arrestments,  aircraft  generally  track  slight: 
in  towards  the  centerline  with  a  final  stopped  position  of  approximately 
15  to  17  feet  OFF-CENTER. 

D.  Frequency-Response  Characteristics  of  Cable  Tensions 

1.  Analysis  of  Mark  7  Mod  3  arresting-gear  purchase-cable 
tensions  recorded  during  A-3A  aircraft  arrestments  revealed  that  with 
data  obtained  at  the  standard  flat-frequency  response  of  330  cycles 
per  second  (Hz),  an  extraneous  high-frequency  signal  greater  than 
600  Hz  occurs  in  the  cable-tension  instrumentation  (three-sheave 
tensiometers) .  This  high-frequency  signal  is  confined  locally  to  the 
three-sheave-tensiometer  instrumentation  and  is  not  evident  in  other 
data  parameters.  The  signal  is  attributed  to  the  interaction  of  the 
cable  wrap-around  angle  with  the  three-sheave-tensiometer  sheave  and 
the  external  pattern  of  the  cable  weave.  The  extraneous  high-frequency 
signal  becomes  significantly  evident  only  for  high-speed/high-energy  ar¬ 
restments  of  the  A-3A  aircraft. 

2.  The  presence  of  an  extraneous  higher  frequency  signal  in 
the  cable-tension  data  is  evidenced  by  the  obscuration  of  the  cable- 
tension  trace  (Figure  21).  One  serious  effect  of  this  signal  is  the 
apparent  amplification  of  maximum  cable-tension  values.  For  manual  data 
reduction  of  a  cable-tension  trace  of  a  high-speed  A-3  aircraft  test 
event,  the  data  must  be  "faired"  (an  average  line  drawn  between  the 
maximum  and  minimum  values  of  the  high-frequency  oscillation)  in  order  to 
eliminate  the  amplifying  effects  of  the  spurious  higher  frequency  signal. 
For  a  similar  data  reduction  conducted  on  a  digital  computer,  the  cable- 
tension  values  obtained-are  the  maximum  recorded  values  scanned  by  the 
computer  and  are  always  higher  than  those  obtained  by  manual  fairing. 
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For  example,  maximum  cable  tensions  displayed  by  the  computer  for 
standard  330  Hz  data  are  3,000  to  5,000  pounds  higher  than  those 
determined  by  manually  fairing  330  Hz  data.  This  cable-tension 
difference  is  equivalent  to  a  loss  of  approximately  3  knots  in 
maximum  allowable  engaging  speed  based  on  cable  tension. 

fn-.v  3.  In  an  attempt  to  analyze  the  amplifying  effects  of  the 
extraneous  signal  on  computer-reduced  cable  tensions,  three  separate 
computer  data  reductions  were  conducted  for  the  same  high-speed  A-3A 
test  event  (Ho.  21650)  by  filtering  the  basic  330  Hz  data  to  160  Hz  and 
60  Hz  (Figures  21,  22,  and  23).  Analysis  of  this  data  indicates  that 
filtering  to  60  Hz  eliminates  the  amplifying  effects  of  the  high-frequency 
signal  without  significant  alteration  of  the  real  cable  tensions.  The 
maximum  values  of  the  60  Hz  cable-tension  data  are  in  close  agreement 
with  those  obtained  by  manual  fairing  of  330  Hz  data  and  are  considered 
appropriate  for  use  in  establishing  operational  performance  limits.  Also, 
the  phase  shift  accompanying  data  filtering  is  negligible  for  60  Hz  data 
and  should  have  no  significant  effect  on  time  correlation  with  other 
data  parameters. 

4.  Because  of  the  above  phenomena,  all  cable-tension  values 
published  in  this  report  for  A-3A  aircraft  test  events  are  for  a  flat 
frequency  response  of  60  Hz. 

5.  Comparison  of  cable-tension  data  for  A-4,  F-4,  and  F-8 
aircraft  displayed  at  a  flat  frequency  response  of  60  Hz  with  that 
displayed  at  a  response  of  330  Hz  shows  that  the  maximum  peak  values 
differ  by  up  to  four  percent  (Figures  24  to  29).  This  range  is 
considered  to  be  less  than  the  overall  accuracy  of  the  data  recording/ 
display  system.  Utilization  of  a  60  Hz  flat  frequency  response  eliminates 
most  of  the  extraneous  signals  (noise)  from  the  data,  which  permits 
easier  and  more  consistent  analysis. 
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IV  CONCLUSIONS 

1.  The  Mark  7  Mod  3  arresting  system  is  considered  satisfactory 
for  service  use  within  the  limits  outlined  by  Table  I.  (Section  III, 
para  Bl) 


2.  The  A-3A  and  A-4B  aircraft  are  compatible  with  the  Mark  7  Mod  3 
arresting  gear  within  the  engaging-speed  limits  outlined  by  Table  I. 

(Section  III,  para  Bl  and  C6) 

3.  The  F-8D  aircraft  is  compatible  with  the  Mark  7  Mod  3  ar¬ 
resting  gear  configured  with  sheave  dampers  within  the  engaging-speed 
limits  outlined  by  Table  I,  but  is  not  compatible  with  the  Mark  7  Mod  3 
arresting  gear  configured  without  sheave  dampers  at  speeds  in  excess  of 
120  knots.  (Section  III,  para  Bl,  Cl,  and  C6) 

4.  The  F-4A  aircraft"  Is  compatible  with  the  Mark  7  Mod  3  arresting 
gear  within  the  engaging-speed  limits  outlined  by  Table  I  except  that 
minor  aircraft  stabllator  damage  can  be  expected.  This  damage  may  be 
more  severe  for  F-4B/J  aircraft  equipped  with  slotted  stabilators. 

(Section  III,  para  Bl  and  C5) 

5.  Generally,  maximum  allowable  aircraft  engaging  speeds  for  20- 
foot  OFF-CENTER  arrestments  are  lower  than  those  for  ON -CENTER  ar¬ 
restments.  (Section  III,  para  B2) 

6.  Aircraft  20-foot  OFF-CENTER  engaging-speed  reductions  based  on 
cable  tensions  can  be  alleviated,  by  increasing  arresting-gear  purchase- 
cable-tension  limit  from  96,000  to  110,000  pounds  for  OFF-CENTER  recovery 
operations  in  conjunction  with  consideration  of  the  expected  frequency 

of  20-foot  OFF-CENTER  arrestments.  (Section  III,  para  B2) 

7.  A  new  arresting-gear  weight  setting  dial  is  required  for  improved 
aircraft  recovery  performance.  (Section  III,  para  B4) 

8.  Some  improvement  in  performance  could  be  obtained  by  the  development 
of  a  new  control-valve  cam  profile.  (Section  III,  para  B5) 

9.  Use  of  60  Hz  flat  frequency  response  for  all  aircraft/arrestlng- 
gear  cable-tension  data  is  preferable  to  the  use  of  330  Hz  flat  frequency 
response  data  because  it  eliminates  most  spurious  signals  (noise)  and 
facilitates  more  consistent  data  analysis.  (Section  III,  para  D) 
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V  RECOMMENDATIONS 

1.  Test  data  provided  herein,  along  with  aircraft  data  to  be 
obtained  from  the  CVA67,  should  be  used  for  the  preparation  of  aircraft 
recovery  bulletins  for  the  Mark  7  Mod  3  arresting  gear. 

2.  The  F-8  aircraft  should  be  restricted  from  recovery  operations 
when  the  Mark  7  Mod  3  arresting  gear  is  configured  without  operating 
sheave  dampers  at  speeds  in  excess  of  120  knots. 

3.  Aircraft-recovery-bulletin  cable-tension  parameter  limits 
should  be  less  stringent  for  20 -foot  OFF-CENTER  operations  because  of 
the  rare  occurrence  of  an  operational  20-foot  OFF-CENTER  arrestment. 

A  progressive  Increase  in  cable-tension  limits  from  96,000  pounds  for 
GN-CENTER  to  110,000  pounds  for  20-foot  OFF-CENTER  is  recommended. 

4.  Provide  a  new  arresting-gear  weight  setting  dial  with  proper 
calibration. 

5.  Continue  development  of  a  new  control-valve  cam  profile. 

6.  Adopt  the  use  of  a  60-cycle-per-second  flat  frequency  response 
for  cable-tension  data  for  all  future  alrcraft/arrestlng-gear  test 
programs . 
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Figure  1  -  Composite  Graph  of  44,000-  to  50, 000- Found  A-3A  Aircraft  Teats,  Showing  Maxima  Parameters  versus  Engaging  Speed 
(Mark  7  Mod  3  Arresting  Gear  Configured  With  Sheave  Deeper s ,  Using  an  Actual  Haight  Setting) 
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Plgura  3  -  Coupon lta  Graph  of  40,000-  to  42, 000-Pound  4-34  Aircraft  Taats,  Stunting  Maximal  Paranatara  varsua  Imaging  Spand 
(Mark  7  Mod  3  Arraatlng  Goar  Configured  With  Sheave  Dan  para ,  Oalng  an  4ctual  Haight  Sattlim) 
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Figure  5  -  Composite  Graph  of  40,000-  to  42,000-Pound  A-3A  Aircraft  Tcata,  Showing  Maxlaw  Parameters  versus  Engaging  Speed 
(Mark  7  Mod  3  Arresting  Gear  Configured  Kith  Sheave  Deapers,  Using  a  Single  Height  Setting) 
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Figure  9  -  Oapoelte  Graph  of  11,500-  to  12,500-Pound  A-4I  Aircraft  Taata,  Slowing  Maxim  Parameters  veraui  Engaging  Spa  ad 
(Mark  7  Mod  3  Arresting  Gear  Configured  Without  Sheave  Daapara,  Using  an  Actual  Weight  Setting) 
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Figure  10  -  Cfpneif  Graph  of  11, 500-  to  12, 500*7 rood  A-41  Aircraft  lasts.  Shoving  Marl—  Parameters  Tarsus  Ingaglng  Spend 
(Mark  7  Mod  3  Arresting  Gear  Configured  With  SheaTS  Dangers,  Using  a  Single  Weight  Setting) 


Figure  11  -  Composite  Graph  of  31,000-  to  33, 000- Pound  F-Aa  Aircraft  Teats,  Shoving  Hulun  Parameters  vernua  Engaging  Speed 
(Mark  7  Mod  3  Arraatlng  Gear  Configured  With  Sheave  Dangers,  Using  an  Actual  Weight  Setting) 


Figure  12  -  Coepoiitc  Graph  of  31,000-  to  33, 000- Found  F-4A  Aircraft  Teats,  Shoving  Hwtana  Far east era  versus  Engaging  Speed 
(Mark  7  Mod  3  Arresting  Gear  Configured  Without  Sheave  Drapers,  Using  an  Actual  Weight  Setting) 
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Figure  13  -  Opposite  Graph  of  31,000-  to  33, 300- Pound  F-4A  Aircraft  Taata,  Showing  Mudn  Parameters  varans  Engaging  Spa  ad 
(Mark  7  Mod  3  Arresting  Caar  Configured  With  Sheave  Dangers,  Using  a  Single  Height  Settle) 
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Figure  IS  -  Ccapoilti  Graph  of  20,000-  to  22,000-Found  F-8D  Aircraft  Zaata,  Shoeing  Waal—  Faraaatara  rarna  Engaging  Speed 
(Mark  7  Mod  3  Arresting  Gaar  Configured  Without  Sbaare  Daapera,  Cling  an  Actual  Weight  Setting) 
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Figure  19  -  Views  of  F-4A  Aircraft  Attitude  with  Stabilator /Crossdeck  Pendant  Contact, 
Event  24115,  Arresting- Hook  Touchdown  10  Feet  Before  Deck  Pendant 
(Mark  7  Mod  3  Arresting  Gear  Configured  with  Sheave  Dampers) 
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Frequency  Response  Characteristics  of  Fort  and  Starboard  Cable  Ten 

ON -COTTER  Arrestment  of  a  49, 200- Pound  A-3  Air 
(Mark  7  Mod  3  Arresting  Gear  Configured  With  Shea 


Cable  Tensions  Recorded  at  a  Frequency  of  330  Hz  During  Event  21650, 
id  A-3  Aircraft  at  an  Engaging  Speed  of  124  Knots 
With  Sheave  Dampers,  Using  an  Actual  Weight  Setting) 
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Figure  20  -  Views  of  F-4A  Aircraft  Attitude  without  Stabilator /Crossdeck  Cendant  Contact, 

Event  24133,  Arresting-Hook  Touchdown  60  Feet  Before  Deck  Pendant 
(Mark  7  Mod  3  Arresting  Gear  Configured  with  Sheave  Dampers) 
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Figure  22  -  Frequency  Response  Characteristics  of  Port  and  Starboard  Cable  Tensl 

ON -COTTER  Arrestment  of  a  49, 200- Pound  A-3  Alrcz 
(Mark  7  Mod  3  Arresting  Gear  Configured  With  Sheave 
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rboard  Cable  Tensions  Filtered  Co  a  Frequency  cl  160  Hz  During  2v?r.' 
00-Pound  A-3  Aircraft  at  an  Engaging  Speed  of  124  Knots 
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Figure  23 


Frequency  Reiponce  Charecteristlce  of  Port  and  Starboard  Cable  Te 


ON -COTTER  Arrestment'  of  a  49, 200- Pound  A-3  A1 
(Mark  7  Mod  3  Arresting  Gear  Configured  With  She 
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J  Starboard  Cable  Tensions  Filtered  to  a  Frequency  of  60  Hz  During  Event  J1650, 
4^200- Pound  A-3  Aircraft  at  an  Engaging  Speed  of  124  Knots 
Calif  igurad  With  Sheave  Dampers,  Using  an  Actual  Weight  Setting) 
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Figure  A6  -  Time  History  of  Event  21961:  ON-CENTER  Arrestment  of  a  13,500-Pound 
A-4B  Aircraft  at  an  Engaging  Speed  of  137  Knots  (Mark  7  Mod  3 
Arresting  Gear  Configured  With  Sheave  Dampers) 
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Figure  A7  -  Time  History  of  Event  21962:  0N-CB1TER  Arrestment  of  a  12,300-Pound 
A  4B  Aircraft  at  an  Engaging  Speed  of  139  Knots  (Mark  7  Mod  3 
Arresting  Gear  Configured  With  Sheave  Dampers) 
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of  Evert  22137:  0H-tc2?TER  Arrestment  of  a  14,400-Pound 
craft  at  an  Engaging  Speed  of  124  Knots  (Mar*  7  Mod  3 
resting  Gear  Configured  without  Sheave  Dampers) 
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Figurt  A9  -  Time  History  of  Event  22191:  ON-CENTER  Arrestment  of  a  12, 300- Pound 
A-4B  Aircraft  at  an  Engaging  Speed  of  122  Knots  (Mark  7  Mod  3 
Arresting  Gear  Configured  Without  Sheave  Dampers) 
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Figure  All  -  Continued 
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Figure  A12  -  Time  History  of  Event  22183:  ON-CENTER  Arrestment  of  a  32, 800- Pound 
F-4A  Aircraft  at  an  Engaging  Speed  of  127  Knots  (Mark  7  Mod  3 
Arresting  Gear  Configured  Without  Sheave  Dampers) 
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gure  A13  -  Time  History  of  Event  23558:  ON-COTTER  Arrestment  of  a  30,800-Pound 
F-4A  Aircraft  at  an  Engaging  Speed  of  132  Knots  (Mark  7  Mod  3 
Arresting  Gear  Configured  With  Sheave  Dampers, 

Using  a  Single  Weight  Setting) 
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rcr.ift  at  an  Engaging  Speed  of  143  Knots  (Mark  7  Mod  3 
Arrt-iir.R  Goar  Configured  With  Sheave  Dampers, 

Using  a  Single  Weight  Setting) 
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A -5 A  Aircraft,  Nark  7  Mod  3  Arras  ting  Gsar  WITH  Sheer*  Deeper*,  ACTUAL  Weight  Setting 


ft Aircraft,  Mark  7  Mod  3  Arresting  Gear  WITH  Sheave  Deapers,  ACTUAL  Weight  Setting 


A- 3 A  Aircraft,  Mark  7  Mod  3  Arresting  Gear  VL/nrul  Sheas e  Daapers,  ACJTU.QL  Height  Setting 


A-3/)  Aircraft,  Mark  7  Mod  3  Arresting  Gear  U//7W  Sheave  Despere,  ACTTUAL  Weight  Setting 


A‘&A  Aircraft,  Mark  7  Mod  3  Arresting  Gear  WITH  Sheave  Dampers,  ACTUAL  Weight  Setting 


A-3/i  Aircraft,  Mark  7  Mod  3  Arresting  Gear  WfTJg '<3UT~  Sheave  Deape ra,  ACTUAL  Weight  Setting 


A'3/?  Aircraft,  Nark  7  Mod  3  Arresting  Gear 


MB  Aircraft,  Mark  7  Mod  3  Arresting  Gear  AV7V/  Sheave  Dampers,  An's J a/  Weight  Setting 


1100 


ft-V#  Aircraft,  Mark  7  Mod  3  Arresting  Geer  WITH  Sbeerc  Deapere,  ACTUAL  Weight  Setting 


Sheave  Doper i,  ACTUAL  Weight  Setting 


A-  Aff  Aircraft,  Mark  7  Mod  3  Arresting  Gear  W !~TH  Sheave  Dampers,  ACTUAL  Weight  Setting 


A- VS  Aircraft,  Mark  7  Mod  3  Arresting  Gear  WfTU  -OUT  Sheave  Daapers,  ACT(J4L  Height  Setting 


A'<J3  Aircraft,  Mark  7  Mod  3  Arresting  Gear  W/r/f  ■CvT'  Sheave  Dampers,  ACTtf/fL.  Weight  Setting 


CONFIGURATION 


Aircraft,  Mark  7  Mod  3  Arresting  Gear  WITH  Sheave  Caspers,  ACTUAL  Height  Setting 


F ■  V/8?  Aircraft,  Mark  7  Mod  3  Arresting  Geer  WITH  Shssve  Doper*,  ACTUAL  Height  Setting 


f-  Aircraft,  Mark  7  Mod  3  Arresting  Gear  VilTH'OUT’  Sheave  Daapers,  AdTU/fL  Weight  Setting 


Aircraft,  Mark  7  Mod  3  Arresting  Gear  W/TM'OtST~  Sheave  Daapera,  ACTUAL  Weight  Setting 


¥/)  Aircraft,  Mark  7  Mod  3  Arresting  Gear  MUTH  Sheave  Damper* ,  Weight  Setting 


£•££  Aircraft,  Mark  7  Mod  3  Arresting  Gear  M/ / 77V  Shears  Dealers,  ACf(J4L  Height  Setting 


F~8D  Aircraft,  Mark  7  Mod  3  Arresting  Gear  WiTN  Shaava  Daapers,  ACTU/U.  Weight  Setting 


F-8D  Aircraft,  Mark  7  Mod  3  Arresting  Gear  WITH -OUT  Sheave  Daapers,  /fCTUAL  Height  Setting 


V-8D  Aircraft,  Mark  7  Mod  3  Arresting  Gear  !TH  Sbaave  Daapers,  Weight  Setting 
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F~8D  Aircraft,  Mark  7  Mod  3  Arresting  Gear  W/TH  Sheave  Daapera,  SJA/fcLP'  Weight  Setting 
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APPENDIX  C  -  TABULATED  DATA  FOR  F-4A  AIRCRAFT  FLY-IN  ARRE 


UNCLASSIFIED _ 

Security  Cla»«ific«tion  _  _ _ 

DOCUMENT  CONTROL  DATA  -  R  &  D 

(Security  clmaalfication  of  title,  body  of  abatrmct  and  induing  annotation  mu  at  be  entered  when  the  overall  report  la  elaaallied) 


3  REPORT  TITLE 

AIRCRAFT  COMPATIBILITY  AND  EVALUATION  OF  THE  MARK  7  MOD  3  ARRESTING  GEAR 

4.  DESCRIPTIVE  NOTES  (Type  of  report  end,  indue  i  vo  detee) 

Final  Report  (7  June  1967  through  24  June  1968) 

5  AUTHORISE  (Flrat  name,  middle  initial ,  Im  at  name) 

Lawrence  M.  Theriault 
Henry  J.  Swienc inski 


10.  DISTRIBUTION  STATEMENT 

This  document  is  subject  to  special  export  controls  and  each  transmittal  to  foreign 
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IS.  ABSTRACT 

Presents  results  of  tests  conducted  with  the  Mark  7  Mod  3  arresting  gear  to  determine 
aircraft  compatibility  and  evaluate  arresting-gear  performance.  Instrumented  A-3A, 
A-4B,  F-4A,  and  F-8D  aircraft  were  utilized  in  the  test  program.  Test  data  was  ob¬ 
tained  for  use  in  the  preparation  of  aircraft  recovery  bulletins  for  the  USS  JOHN  F. 
KENNEDY  (CVA67)  and  to  insure  compatibility  of  current  fleet  aircraft  with  the  Mark 
7  Med  3  arresting  gear. 

Testing  was  conducted  with  three  basic  arresting-gear  configurations/operating  modes: 
(1)  arresting  gear  with  sheave  dampers,  using  actual  weight  settings;  (2)  arresting 
gear  without  sheave  dampers,  using  actual  weight  settings;  and  (3)  arresting  gear 
with  sheave  dampers,  using  single  weight  settings. 

Compatibility  with  A-3A  and  A-4B  aircraft  and  qualified  compatibility  with  F-4A  and 
F-8D  aircraft  has  been  established. 
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